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Remarks 

The December 16, 2003 Official Action has been 
carefully reviewed. In view of the amendments submitted 
herewith and the following remarks, favorable reconsideration 
and allowance of this application are respectfully requested. 

At the outset it is noted that a shortened statutory 
response period of three (3) months was set forth in the 
December 16, 2003 Official Action. Therefore, the initial due 
date for response was March 16, 2003. A petition for a 3 
month extension of the response period is presented with this 
response, which is being filed before the expiration of the 
three month extension period. 

At page 3 of the Official Action, the Examiner has 
objected to the specification for allegedly failing to 
describe both Figures 3A and 3B in the Brief Description of 
the Drawings and for allegedly not identifying the 
significance of the arrow in Figure 4B. Applicants have 
addressed the Examiner's objections by amending the 
description of Figures 3 and 4 . Support for the amendment to 
the description of Figure 3 can be found, for example, within 
Figures 3A and 3B. Support for the amendment to the 
description of Figure 4 can be found at page 17, lines 9-15. 

The Examiner has also objected to claims 43, 46, and 
54 in view of certain typographical errors. Applicants have 
cancelled claims 43 and 46 and have amended claim 54 to 
replace the term, "molecules," with "modules," as suggested by 
the Examiner . 

At pages 5-9 of the Official Action, the Examiner 
has rejected claims 20, 23-25, 29, 30, and 43-63 under 35 
U.S.C. §112, second paragraph for alleged indef initeness on 
various grounds . 

The Examiner has also rejected claims 20, 23-25, 29, 
30, and 43-63 for allegedly failing to satisfy the written 
description requirements under 3 5 U.S.C. §112, first paragraph 
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on various grounds. 

Claims 46, 48, 52, and 53 have been rejected under 
35 U.S.C. §102 (b) as allegedly anticipated by Kuhstoss et al . 
(Gene (1996) 183:231-236). 

Lastly, the Examiner has rejected claims 20, 23-25, 
29, 30, 43-45, 47 and 49 under 35 U.S.C. §103 as allegedly 
unpatentable over U.S. Patent 5,712,14 6 in view of Khosla et 
al. (Chemical Reviews (1997) 97:2577-2590). 

The foregoing rejections constitute all of the 
grounds set forth in the December 16, 2003 Official Action for 
refusing the present application. 

In accordance with this amendment, claims 20, 23-25, 
29, 30, and 43-53 have been cancelled. All of the rejections 
outstanding with respect to these claims are, therefore, 
rendered moot. The cancellation of claims 20, 23-25, 29, 30, 
and 43-53 should not be construed as indicative of Applicants' 
concurrence or acquiescence in the various rejections of 
claims 20, 23-25, 29, 30, and 43-53 as set forth in the 
December 16, 2003 Official Action, or otherwise as an 
abandonment of Applicants' efforts to secure patent protection 
on the subject matter of claims 20, 23-25, 29, 30, and 43-53. 
To the contrary, Applicants vigorously dispute those grounds 
of rejection. Such arguments as Applicants have to advance in 
rebuttal, however, are being reserved for a continuing 
application, which is expected to be filed and include claims 
directed to the subject matter of cancelled claims 20, 23-25, 
29, 30, and 43-53 . 

Claims 54, 60, and 63 have been amended in 
accordance with this amendment. The amendments to claim 54 
are intended to make the claim more closely approximate the 
proposed draft claim provided by the Examiner. Claims 60 and 
63 have been amended to expressly recite the acyltransf erase 
domains specific for loading ethylmalonyl , allyl and 
hydroxymethyl units . Support for these amendments can be 



15 



found, for example, at page 27, lines 7-14 of the present 
specification . 

New claims 64-76 are included with this amendment. 
These new claims are directed to polyketide synthases 
comprising specifically identified loading modules or loading 
module domains. Support for newly added claims 64-76 can be 
found throughout the specification. Specifically, support for 
claims 64-70 and 72 can be found at original claim 46; page 
27, lines 7-14; and page 47, lines 7-10. Support for claim 71 
can be found, for example, at page 21, lines 1-9 and original 
claim 13. Support for claims 73, 74, and 76 can be found, for 
example, in original claims 7 and 46. Support for claim 75 
can be found, for example, at claim 43 and page 22, lines 17- 
22. 

No new matter has been introduced into this 
application by reason of any of the amendments presented 
herewith. 

CLAIMS 20, 23-25, 29, 30, AND 43-63, AS AMENDED, MEET THE 
REQUIREMENTS UNDER 35 U.S.C. §112, SECOND PARAGRAPH 

The Examiner has rejected claims 20, 23-25, 29, 30, 
and 43-63 under 35 U.S.C. §112, second paragraph for alleged 
indef initeness on the following grounds . 

First, it is the Examiner's position that 
independent claims 43, 46, and 54 are narrative and 
indefinite. Applicants have adopted the helpful suggestions 
set forth in the Examiner's proposed draft claim in amending 
claim 54. Notably, Applicants have cancelled claims 43 and 46 
and have written new claims 64-76 with the Examiner's 
suggestions in mind. 

Second, it is the Examiner's position that the term 
"residue" in independent: claims 43, 46, and 54 is confusing 
when used to refer to anything other than an amino acid 
residue. Applicants respectfully disagree with the Examiner 
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and submit that a skilled artisan would readily recognize the 
meaning of the term "residue" as it was used throughout the 
claims. However, in the interest of expediting prosecution, 
Applicants have adopted the Examiner's suggestion and amended 
all claims to recite a "moiety" in place of "residue" when the 
entity referred to is not an amino acid residue. 

Third, the Examiner contends that, in claims 43, 46, 
and 54, the phrase "wherein at least the first of said 
extension modules is not naturally associated with a loading 
module that effects decarboxylation of an optionally 
substituted malonyl" is unclear. Applicants respectfully take 
exception to the Examiner's contention that "virtually all 
loading modules in nature . . . effect decarboxylation of an 
optionally substituted malonyl." Indeed, as of the priority 
date of the present invention, skilled artisans were not aware 
that loading modules that did contain a KSq domain had the 
recited functionality. However, in the interest of advancing 
the present prosecution, Applicants have amended claim 54 to 
recite "said loading module" in place of "a loading module, " 
as suggested by the Examiner. . 

The Examiner also alleges that it is unclear what 
part of the loading domain needs to be "not naturally 
associated" with at least the first extension module. 
Applicants respectfully disagree with the Examiner's 
interpretation of the claims in question, which, as amended, 
recite the phrase "not naturally associated with said loading 
module." Literally interpreted, the claims clearly do not 
refer to extension modules not naturally associated with part 
of the loading module, but rather the loading module as a 
whole. Accordingly, Applicants submit that the claims, as 
amended, plainly refer to the loading module as a unit and 
should not be naturally associated with at least the first of 
the extension modules. Such an interpretation is also 
consistent with the examples identified by the Examiner at 
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page 7 of the instant Official Action. Applicants also 
maintain that a skilled artisan would be readily able to 
determine whether or not an extension module is naturally 
associated with a loading module. 

Fourth, the Examiner asserts that the metes and 
bounds of the term "corresponding to" are unclear. Applicants 
have deleted the allegedly objectionable term from the claims 
and thereby obviated this rejection. 

Fifth, it is the Examiner's position that the term 
"a cysteine in the active site" is indefinite because the term 
suggests that there is more than one cysteine in the active 
site. Here again, in the interest of advancing the 
prosecution of the application, Applicants have employed the 
Examiner's suggestion and replaced the allegedly indefinite 
term with w the cysteine residue in the active site." 

Sixth, the Examiner has rejected claims 20, 23-25, 
55, and 56 for allegedly lacking proper antecedent basis for 
the term "the acyltransf erase domain." Applicants have 
amended the claims to recite "said acyltranf erase domain, " so 
as to more clearly refer to the acyltransf erase domain of the 
loading domain and not of an extension module. 

Lastly, the Examiner has rejected claims 46-53 and 
claims 50 and 51 for recitation of the allegedly indefinite 
terms "derived from" and "corresponds to, " respectively. 
Applicants have cancelled claims 46-53 thereby obviating these 
re j ections . 

In light of all of the foregoing, Applicants submit 
that the rejection of claims 20, 23-25, 29, 30, and 43-63 
under 3 5 U.S.C. §112, second paragraph for alleged 
indef initeness is untenable and request its withdrawal. 
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CLAIMS 20, 23-25, 29, 30, AND 43-63, AS AMENDED, SATISFY THE 
WRITTEN DESCRIPTION REQUIREMENT UNDER 35 U.S.C. §112, FIRST 

PARAGRAPH 

The Examiner has rejected claims 20, 23-25, 29, 30, 
and 43-63 for allegedly failing to satisfy the written 
description requirements under 3 5 U.S.C. §112, first paragraph 
on the following grounds . 

The relevant inquiry in determining compliance with 
the written description requirement of 35 U.S.C. §112, first 
paragraph, is whether the originally filed specification 
reasonably conveys to a person having ordinary skill in the 
art that applicant had possession of the claimed subject 
matter. In re Kaslow , 217 U.S.P.Q. 1089 (Fed. Cir. 1983). 

Furthermore, the Examiner has the initial burden of 
presenting evidence or reasons why a person of skill in the 
art would not recognize in applicants' specification 
disclosure a description of the invention defined by the 
claims. Ex parte Sorenson , 3U.S.P.Q.2d 1462 (BD. Pat. App . 
1987) . 

In the instant Official Action, the Examiner 
contends that the recitation of using any acyltransf erase 
domain that is specific for loading ethylmalonyl , as in claims 
25, 49 and 60, is not supported by the specification. 
Applicants respectfully disagree with the Examiner's position, 
inasmuch as the recitation of the specific examples of the 
acyltransf erase domains of extension modules 5 of both the 
spiramycin and monensin polyketide synthases (see page 27, 
lines 12-14) is adequate to describe the domains in sufficient 
detail for a skilled artisan to conclude that Applicants had 
possession of the claimed subject matter. However, in the 
interest of expediting prosecution of the instant application, 
Applicants have amended claim 60 to recite the specific 
examples set forth at page 27, lines 12-14. Claims 25 and 49 



19 



have been cancelled. 

Second, the Examiner has rejected claims 30, 53, and 
63 for allegedly failing to comply with the written 
description requirement under 35 U.S.C. §112, first paragraph. 
The Examiner contends the specification does not provide 
support for any polyketide synthase having a side chain of an 
allyl or hydroxymethyl group. Applicants again take issue 
with the Examiner's position, given that the recitation of the 
specific examples at page 27, lines 7-12 provides a skilled 
artisan with sufficient information to conclude that 
Applicants had possession of the claimed subject matter. 
However, Applicants have amended claim 63 to recite the 
specific examples set forth at page 27, lines 7-12. Notably, 
claims 3 0 and 53 have been cancelled. 

Third, it is the Examiner's position that the 
specification fails to provide any specific hybrid polyketide 
synthases that produce 12-member macrolides. The Examiner 
argues that "no mention of naturally-occurring PKSs that 
produce 12-membered macrolides is found" in the specification. 
Applicants strenuously disagree with the Examiner in this 
regard. Indeed, throughout the specification, methymycin is 
provided as a "particularly suitable PKS" of the instant 
invention (see, for example, page 20, lines 14-24; page 21, 
lines 10-15; and page 21, line 23 through page 22, line 3) and 
is well-known in the art to be a 12-membered macrolide (see, 
for example, abstract of Cane et al . (1993) J. Am. Chem. Soc . 
115:522-526 (copy attached)). The present specification 
plainly describes not only a representative species of the 
claimed genus, but also provides more than adequate disclosure 
of the physical and functional characteristics of the 
polyketide synthases. Thus, Applicants respectfully submit 
that the rejection of claims 20, 23-25, 29, 30, 43, 44, 53, 
and 63 for alleged lack of written description is untenable. 

Fourth, the Examiner has rejected claims 20, 23-25, 
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30, and 43-63 because the specification allegedly does not 
provide support for an AT domain which is "adapted to load" 
the starter unit onto the ketosynthase domain. The Examiner 
contends that the specification fails to identify particular 
characteristics of AT domains "adapted" to KSq domains. In 
this response, Applicants have amended the claims to replace 
the phrase "adapted to load an optionally substituted malonyl" 
with "loads an optionally substituted malonyl." As mentioned 
in the specification, any "AT domain derived from any 
extension module of a Type I PKS" can be employed so long as 
there is matching specificity with the KSq domain in terms of 
the loading units (see page 23, lines 2-7). Furthermore, 
Examples 11-15 demonstrate the successful production of a 
polyketide from a polyketide synthase comprising a KSq domain 
from the oleandomycin polyketide synthase fused to an AT 
domain of the rapamycin polyketide synthase. Thus, Applicants 
submit that the specification provides adequate guidance for 
the selection and combination of AT and KS domains that are 
not naturally associated and conveys to a skilled artisan that 
Applicants were in possession of the claimed subject matter as 
of the filing date of this application. Accordingly, 
Applicants respectfully request the rejection of claims 20, 
2 3-25, 30, and 43-63 be withdrawn. 

Lastly, the Examiner has rejected claims 54-63 
because the specification allegedly fails to teach hybrid 
polyketide synthases comprising engineered KSq domains. 
Applicants vigorously dispute the Examiner's position in this 
regard. 

As noted above, the written description requirement 
under 35 U.S.C. §112, first paragraph, is satisfied when the 
claimed subject matter is described in the specification in 
such a way as to convey to one skilled in the relevant art 
that the inventor (s) , at the time the application was filed, 
had possession of the claimed invention. There is no 
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requirement for a claim to a genus that a representative 
number of species has actually been disclosed or actually- 
reduced to practice, provided there is sufficient information 
in the application for a person of skill in the art to 
understand or appreciate that the inventors were in possession 
of the claimed invention and that a correlation between the 
function and structure of the claimed genus is shown. 

In the present application, Applicants have clearly 
described the functional characteristics of the claimed 
invention, including the decarboxylative activity of the KSq 
domain, coupled with a disclosed correlation between structure 
and function, such as the alteration of the cysteine residue 
to a glutamine residue results in said activity (see, for 
example, page 18, lines 12-20; page 16, line 22 through page 
17, line 15; and Figure 4). Further, explicit instructions 
for generating an engineered KSq domain is provided at page 
27, lines 16-21, which relates to site-directed mutagenesis of 
the active site of the ketosynthase domain from an extension 
module from a cysteine to a glutamine residue. Significantly, 
there is no question that as of the priority date the methods 
of site-directed mutagenesis to insert a single amino acid 
mutation were well established and a skilled artisan would 
readily be able to generate such mutants. Thus, Applicants 
submit that a skilled artisan, apprised of the instant 
specification and the description therein of the mutated KS 
domains which are within the scope of the invention, would 
readily conclude that the Applicants had possession of the 
invention as of the priority date. 

For all of the foregoing reasons, it is clear that 
in the present case, the Examiner has failed to satisfy the 
burden of proof with respect to the rejections based on lack 
of written description, as applied to the subject matter of 
claims 20, 23-25, 29, 30, and 43-63. These grounds of 
rejection should, therefore, be withdrawn. 
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CLAIMS 46, 48, 52, AND 53 ARE NOT ANTICIPATED BY KUHSTOSS 

ET AL • 

The Examiner has rejected claims 46, 48, 52, and 53 
under 35 U.S.C. §102 (b) as allegedly anticipated by Kuhstoss 
et al . (Gene (1996) 183:231-236). The Examiner contends that 
Kuhstoss et al . teach a hybrid polyketide synthase comprising 
the loading module of the tylosin polyketide synthase and the 
extension modules of the spiramycin polyketide synthase. 

Applicants continue to take issue with the 
Examiner's position for the reasons set forth in the Official 
Action response filed September 8, 2003. However, Applicants 
have cancelled claims 46, 48, 52, and 53, thereby obviating 
the instant rejection under 35 U.S.C. §102 (b) . 

Applicants also submit that new claims 64-7 6 cannot 
reasonably be held to be anticipated by Kuhstoss et al . As 
noted by the Examiner, Kuhstoss et al . teach only a single 
hybrid polyketide synthase comprising the tylosin loading 
module and spiramycin extension modules. New claims 64-74 and 
76, however, all recite loading modules which do not include 
the tylosin loading module. Claim 75, while drawn to a hybrid 
polyketide synthase comprising a tylosin loading module, 
specifically recites that the hybrid polyketide synthase 
produces only 12- or 14-membered macrolides. By contrast, 
Kuhstoss et al . teach making 16-membered macrolides only, as 
acknowledged by the Examiner at page 14 of the instant 
Official Action. Inasmuch as each and every aspect of the 
invention claimed in new claims 64-76 is neither taught nor 
suggested by Kuhstoss et al . , Applicants submit that Kuhstoss 
et al . can not be considered to render the claimed subject 
matter unpatentable. 

In view of the cancellation of claims 46, 48, 52, 
and 53, Applicants submit that the rejection under 3 5 U.S.C. 
§102 (b) is untenable and respectfully request its withdrawal. 
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CLAIMS 20, 23-25, 29, 30, 43-45, 47, AND 49 ARE NOT RENDERED 
OBVIOUS BY U.S. PATENT 5,712,146 IN VIEW OF KHOSLA ET. AL • 

The Examiner has rejected claims 20, 23-25, 29, 30, 
43-45, 47 and 49 under 35 U.S.C. §103, as allegedly 
unpatentable over U.S. Patent 5,712,146 in view of Khosla et 
al. (Chemical Reviews (1997) 97:2577-2590). It is the 
Examiner's position that U.S. Patent 5,712,146 teaches the 
generation of a hybrid polyketide synthase by the combination 
of domains from various polyketide gene clusters. The 
Examiner further asserts that U.S. Patent 5,712,146 describes 
the spiramycin, erythromycin, and monensin polyketide 
synthases which purportedly contain a KSq domain, an AT domain 
which employs methylmalonyl-CoA, and an AT domain which 
contains an active-site arginine, respectively. Khosla et al . 
allegedly teach a 12-membered macrolide. 

Applicants again respectfully disagree with the 
Examiner's position for the reasons set forth in the Official 
Action responses filed September 8, 2003 and November 4, 2002. 

Additionally, Applicants note that the Examiner relies on 
Khosla et al . "to support the reasonable expectation of 
success for the combinations suggested by [U.S. Patent 
5,712,146]." Applicants reiterate that Khosla et al . teaches 
that ketosynthase domains with an active-site glutamine are 
"presumably inactive" (see page 2581, left column, second full 
paragraph). Thus, Khosla et al . provide absolutely no 
evidence of a "reasonable expectation of success" for 
employing ketosynthase domains with an active-site glutamine, 
in that such domains are indicated as being inactive. In the 
absence of any reasonable expectation of success properly 
evidenced by the prior art, there can clearly be no motivation 
or incentive for a skilled artisan to arrive at the instantly 
claimed invention, wherein the loading module contains a 
ketosynthase domain with an active-site glutamine. Thus, 
Applicants submit that a skilled artisan, apprised of U.S. 
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Patent 5,712,146 and the teaching of Khosla et al . that 
ketosynthase domains with an active-site glutamine presumably 
are inactive, would never arrive at the instantly claimed 
invention. Cf., In re Albrecht , 185 U.S.P.Q. 585 (CCPA 1975) 
(in view of clear indication of lack of utility in the prior 
art, the person of ordinary skill in the art lacks the 
necessary impetus to make the claimed subject matter) . 

There are additional reasons supporting Applicant's 
position that the subject matter of new claims 64-76 cannot be 
considered obvious over U.S. Patent 5,712,146 in view of 
Khosla et al . Indeed, the Examiner acknowledges at page 20 of 
the instant Official Action that claims 50, 51, 61, and 62, 
drawn to polyketide synthases comprising either the 
acyl trans f erase domain of module 6 of the niddamycin 
polyketide synthase or the acyltransf erase domain module 4 of 
the FK506 polyketide synthase, are free of the prior art. 
Specifically, the Examiner concedes that "such exact 
combinations" cannot be rendered obvious by U.S. Patent 
5,712,146. Accordingly, new claims 6 5 and 66, drawn to 
polyketide synthases comprising the specific acyltransf erase 
domains stated above, are also free of the prior art. 

Applicants also submit that claims 64 and 67-76 are 
free of the prior art because they are drawn to polyketide 
synthases comprising "exact combinations" of domains that 
cannot be rendered obvious by U.S. Patent 5,712,14 6. For 
example, claims 64 and 67-71 are all drawn to polyketide 
synthases wherein the acyltransf erase domain of the loading 
module is selected from the group consisting of the 
acyltransf erase domain from extension module 6 of the 
niddamycin polyketide synthase, extension module 4 of the 
FK506 polyketide synthase, extension module 2 of the rapamycin 
polyketide synthase, extension module 5 of the spiramycin 
polyketide synthase, and extension module 5 of the monensin 
polyketide synthase. Notably, U.S. Patent 5,712,146 is silent 
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as to incorporating these specific domains from an extension 
module into a loading module. It has long been recognized 
that silence in a reference is not a proper substitute for 
adequate disclosure of facts from which a conclusion of 
obviousness may justifiably follow. In re Burt , 148 U.S.P.Q. 
548 (CCPA 1966) . 

As for claims 73-76, these claims are drawn to 
hybrid polyketide synthases wherein the loading domain is 
specifically identified as being from the monensin, 
oleandomycin, tylosin, and spiramycin polyketide synthases. A 
careful review plainly shows that U.S. Patent 5,712,146 fails 
to teach polyketide synthases specifically comprising such 
loading domains and therefore cannot render claims 73-76 
obvious . 

Lastly, claim 72 is drawn to a polyketides synthase 
wherein the KSq domain is the KSq domain from the oleandomycin 
loading module. Again, U.S. Patent 5,712,146 is silent with 
respect to such a specific combination of domains. See, In re 
Burt , 148 U.S.P.Q. 548 (CCPA 1966). 

For all of the foregoing reasons, Applicants submit 
that claims 20, 23-25, 29, 30, 43-45, 47 and 49 and newly 
added claims 64-7 6 cannot be considered obvious over U.S. 
Patent 5,712,146 in view of Khosla et al . In an effort to 
expedite prosecution of the instant application, however, 
Applicants have cancelled claims 20, 23-25, 29, 30, 43-45, 47 
and 49. Accordingly, the instant rejection is obviated and 
Applicants respectfully request its withdrawal. 

CONCLUSION 

In view of the amendments presented herewith, and 
the foregoing remarks, it is respectfully urged that the 
objections and rejections set forth in the December 16, 2003 
Official .Action be withdrawn and that this application be 
passed to issue. 
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In the event the Examiner is not persuaded as to the 
allowability of any claim, and it appears that any outstanding 
issues may be resolved through a telephone interview, the 
Examiner is requested to telephone the undersigned attorney at 
the phone number give below. 



Respectfully submitted, 

DANN, DORFMAN, HERRELL AND SKILLMAN 

A Professional Corporation 



By 

Patrick J. Hagan 
PTO Registration No. 27,643 



Telephone: (215) 563-4100 
Facsimile: (215) 563-4044 

Enclosure: Cane et al . (J. Am. Chem. Soc . (1993)115:522-526) 
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and H-9 appeared as components of an AB quartet at $ 6.34 and 
6.60, respectively, correlated with the corresponding 1 *C NMR 
signals at 125.6 (C-8) and 148,9 ppm (C-9). The assignments 
of the remaining macrolide and dcsosaminyl' 0 l H and 13 C NMR 
signals were completed in a straightforward manner and are 
summarized in Table I along with the corresponding assignments 
for neomethymycin (2). 

Preliminary incorporation experiments confirmed the expected 
polyketide origin of methymycin."' 13 Administration of (l» 

(10) The desoaamlnyl ratgnmonu were In clou agreement with those 
reponod for (he detoumtne moiety or«rythromydn A: BrcretU J. R.i Tyler* 
J. W. J. Chtm. Soc. % Pcrkin Trans, I 19S5, jj99. 



2 R^-H, R^-OH, R a -d«aDaiLfTiln« 

n C]propionate to cultures of Streptomyces venesuelae SC2366 
gave methymycin (1) which was shown by 13 C NMR analysis to 
be labeled at the predicted sites (C-l, 03, C-5, C-9 P C-l 1) (20 
excess atom % 13 C) (Scheme la). Similar feeding of sodium 
( 1, 2- 13 C2] acetate gave rise to the expected enhanced and coupled 
doublets (Scq - 50.3 Hz) corresponding to C-7 and C-8. Thus 
methymycin was shown to be derived from five propionates and 
one acetate precursor* 

According to the emerging picture of polyketide chain elon- 
gation, formation of the macroHde aglycone of methymycin should 
be initiated by condensation of a propionyl thioester starter unit 
with an equivalent of (2/*)-mcthylmalonyi Co A* 3 (as the en- 
zyme-bound ACP thioester) (Scheme II), Reduction of the 
resulting 0-keto ester 6 will give (25,3/J)-2-methyl-3-hydroxy- 
pentanoate as the enzyme-bound thioester 7. Indeed* this same 
intermediate has already been implicated in the formation of both 
erythromycin and nargenicin. 7 ** 1 Initial attempts at intact in- 



(11) Birch et aL have reported incorporation experiments with l4 C-labeled 
precursors which support the derivation of methymycin from five propionates 
and one acetate: Birch, A. Djerosi, C: Dutchcr, J, D.; Major, U Perl man, 
D.; Pride, E.; Rickardi, R. Thomson, P. J. /, Chtm. Sec. 1964, 5274. 
Birch, A. J4 Pride, E.; Rickirda, R. W,; Tliomson, P. J.; Dutchcr, J. D.; 
Perlman, Djcrasai, C. Chcm. Ind. (London) I960, 1245. 

(12) Biojynthctic studies on the closely related tnacrolidc picromydn (3) 
have been reported: Omura, Takeshi ma, H.; Nakagawa, A.; Miyazawa, 
yj.Anltbtot. 1976,^,316. 

(13) Cane, D. B.j Uang, T,i Taylor, P. Chang, Ci Yang, C, / t Am, 
Chtm. Soc. 1986, /OS, 4937. Hutchinson, C. R.; Sherman, M. NT; Mclnnrn, 
A, C.i Walter, J. A4 Vederas, J. C, J, 4m, Chem. Soc, 1981, / 0J, 5956, Sood, 
O. R.i RoblnBon. J. A.; Ajar* A. A. /. Chcm, Soc., Chtm. Commun. 1984, 
1421. 
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corporation of the dipropionatc intermodule as the corresponding 
NAC tlrfoester, (^JRH^C^mtthyl-S-hy^^ 
NAC thioester 7a, prepared as previously described, 7 ** proved 
difficult, resulting largely in degradation of the precursor with 
no detectable enrichment of the macrolide products. After ex- 
tensive experimentation, it was eventually found that successful 
incorporation of 7a could be achieved by the use of replacement 
cultures of S. Venezuela ATCC 15439 in combination with Careful 
monitoring of the timing of macrolide production, using the UV 
absorption maximum at X m (e = 10500, MeOH) to estimate the 
macrolide content of CHC1 3 extracts of the fermentation broth. 
It was found to be critical that the ceils of S> veneiuelae be 
harvested and resuspended in replacement medium immediately 
foUowingtoe onset of macrolide production. Both mcthymycin 
(l) </cc - 43.0 Hz) and neomcthymyein (2) (/ cc = 36.5 lit) 
obtamed from the feeding of 7a (30 mg/100 mL of culture) 
exhibited the expected pair of enhanced and coupled doublets 
corresponding to C-10 and C-l 1 in their respective IJ C NMR 
spectra (0.15 atom excess % l3 C) (Scheme lb). 

In order to rule out the possibility thai incorporation of 7a 
involves initial rcoxtdation to the corresponding tf-keto ester 6a 
we next prepared (2^ t 3/^)-[3- 2 H,3" I3 C]^-methyl-3-hydroxy. , 
pcntanoyl NAC thioester 7b 7h which was fed (120 mg) to a 
100-mL replacement culture of S. venezuelae supplemented with 
4-pcntynoic acid* 5 in order to suppress degradation of the substrate 
by /3-oxidation. The resulting samples of mcthymycin and nco- 
methymycin each carried both **C and deuterium at C-l 1 (0 1 
atom % excess), as evidenced by the appearance of the charac- 
teristic isotope-shifted triplet in the individual «*C NMR spectra 

h;w^ 0,40 ? P ^/^ \ l7J 0.35 ppm, Ja^M 

Hz) (Scheme Ic). In each case, the triplet collapsed to a singlet 
upon broad-band deuterium decoupling ( l3 C{ 5 H,»H| NMR) 
Again, completely consistent results have previously been reported 
nar^itii^* itlCorpofation of n int0 erythromycin and 

Having established the ability of the diproptonate intermediate 
lo serve as a substrate m whol e<eU feeding experiments, we turned 

2£ uLu : ^I^-nie^yl-5.hydroxy-2-hepuutoyl NAC thio- 
l £™ hlcb ™ Prepared in diastereomerically pure 

SSLSSr; lU k ^ Syn ^ Uc TO*"" previously de. 
y™^! for lhc Preparation of 7a were used to obtain 

bentyl^-oxazohdtnone (7c), which was readUy deduced with 
sodium bis(2-methoxyethoxy)aluminum hydride 15 (RED Al) in 
THF to give the corresponding 3-hydroxy aldehyde 1% Emmons 
ZT" /IT* t^^Jphosphonoaccite in THfS 

rx^imn /erf-butoxide as the base and hydrolysis of the resulting 

It ^H^ tUm ?? 13 W> ™ aqueous THF gave 
Jhec^rx>ndmgac^l4. Finally, 14 was converged to the desired 
NAC thioester 10a by treatment with diethyl crJorophosphonate 

5 . 77 4) c ? Vafl8, t?' A A,i „ Bai ? ro,i * J - ; Shih ' T - J- Am. Chm, 5oc. 1981 ifli 
J0. ( 36J3 MCy *"' lA Sp0hn ' F ' : Ul *°™^ R. J. /, Org. Cftrfn. 198S, 



Can* €t ai 

followed by thallous ^acctylcysteamioe. 1617 Feeding of in- 
mg) to replacement cultures of S. venezuelae gave labeled ii. 
2 (0,5 atom % excess), which exhibited the expected ^ na r* ?r 
enhanced and coupled doublets for C-8 and C-9 in the "r kL J 
spectrum (1, J cc = 70.5 2, - 70,9 Hz) (Scheme IdJ 
Discussion 

The results reported here complement and extend previa, 
reports of the incorporation of intermediates of polykctide riw 
elongation into the closely related macrolidcs erythromycin ( 4 V 
and tylosm (5),** as well as the antibiotic nargenicin 
| sistcnt with the findings of Vcderas* we have oteerved'that vr£t i 
| timing of the adininistration of labeled precursors and contro?ff 1 
* unwanted substrate degradation through the use of replacement 
cultures in combination with appropriate inhibitors of fattv acirf 
^xidation can be critical to the successful incorporation of NAT 
thioesters. In addition, the use of l3 C doubly labeled substrain 
not only allows direct detection of the intact incorporation of 
precursors but conveniently extends the useful range of reliahll 
detection to 0. 1-0.2 atom % excess l3 C enrichment. 

Taken together, these incorporation studies arc fully consistent 
with a processive model of polykelide chain elongaUon in which 
the oxidation level and stereochemistry of the growing polyketidc 
*VJS subsequent to each individual condensation 

sterA* (Scheme 11) Interestingly, methymycin (1), neomeih- 
ymictn (2), and erythromycin (4), as well as nargenicin, all share 
a common precursor, (2y,3/?)^2-methyl-3-hydroxypentanoyl 
/,^^ r V whereas tylosin 18 derived from the corrcspondinc 
(2^,3/?) diastcrcomer of 7.* The pathways to these macrolides 
apparently diverge at this point, with 7 undergoing condensation 
with an enzyme-bound derivative of malonyl CoA (Scheme II) 
on the way to 1 and 2, while condensation with methylmalonyl 
CoA is required for the formation of both erythromycin and 
nargentcuL The successful incorporation of the triketide substrate 
(4K,5/J)*[2.3* li CJ-4-meihyl.5-hydroxy-2^heptenoyl NAC Ouo^ 
ester 10a, into both mcthymycin (I) and neomcthymyein (2) is 
fully consistent with the proposed intennediacy of 10, presumably 
generated from 7 by a sequence of malonyl condensation, kcto 
reduction, and dehydration, as illustrated in Scheme IL In further 
support of these ideas, wo have recently isolated the presumptive 
product of the polykctide synthase 10-deoxymethynolide (15), the 
parent aglycone of the methymycin family of antibiotics. 1 8 

The successful incorporation of intermediates of polykctide chain 
don^tionimo a variety of macrolidcs and other poiyketide natural 
products 7 ^ assumes particular significance in light of the enor- 
mously important molecular genetic discoveries of the groups at 
Abbott Laboratories^ and Cambridge* 6 regarding the organization 
of the eryA gene. Solely on the basis of the inferred organisation 
of the gene product, with each catalytic domain presumably being 
responsible for individual steps of polykctide chain elongation and 
functional group modification, one might be tempted to conclude 
that the structure of the eventually formed 6-deoxyerythronolide 
B, or by logical extension any macrolide aglycone, would be 
cxdusrvely the result of the organization of the poiyketide synthase 
AccoixUng to this simplified picture, each module of enzymes 
responsible for a round of condensation and appropriate reductions, 
adorations, and reductions simply accepts as substrate the 
I>roduct of the neighboring module. The finding that it is possible 
to ^corporate intact a number of advanced intermediates of 
poiyketide chain elongation into a variety of macroUdes indicates 
that the actual macrolide biosynthetic mechanism is considerably 
more sophisticated. The fact that each advanced precursor is 
properly pro<5essed by the poiyketide synthase during incorporation 
experiments with intact cells indicates that there is a significant 
element of molecular recognition involved in the operation of each 
biosynthetic module. Which structural features of each inter- 
mediate are most critical to proper recognition and whether this 
molecular recognition involves the acyltransferase, kelo synthase, 



(18) Umtutot. R, H.j Cune, D. E. y, AnUbtoi^ In press. 
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hfacrolidc Biosynthesis 

ACl' domains, or some combination of all three remain to be 
established. Further investigations of the organization and control 
of this complex and intriguing biosynthctic process are in progress. 

Experimental Section 

Materials and Methods. All reactions were run under argon atmo- 
sphere using oven-dried syringes and glassware when appropriate. THF 
and CH 2 Ct 2 were distilled from Na/bcnzophenonc. El 2 0 was distilled 
from P 2 O s , J H (250 or 400 MHz) and »C (100,6 MHz) NMR spectra 
wen; recorded on Bruker WM-25Q and AM-400 NMR spectrometers. 
|R spectra were recorded on a Pcrkin- Elmer 1 600 Scries FT1R spec- 
trophotometer. Optical rotation measurements were obtained using a 
Per Lin- Elmer 24 1 polarimeter, U V/vls spectra werc*obtaincd using a 
Pcrlun-Elmer 55 2 A spectrophotometer. Mass spectra were obtained by 
chemical ionization with NH 4 * or electron ionization using a Kratos 
MS80RFA mass spectrometer. Reagents and solvents were obtained 
from Aldrich Chemical Co., Cambridge Isotope Laboratories, and Los 
Alamos National Laboratories. (2S.3/c)-[2,3-'*C 2 I-2-Methyl-3. 
hydroxypcntanoyl NAC thioester 7«'* and (ZS' 1 3K)-[> > H > 3- I> C].2'- 
mcthyI-3-hydroxypcnianoyl NAC thioester 7b' b were prepared as pre- 
viously described. Streptomyces vtfltzuelae SC2366 was a gift from the 
Squibb Institute for Medical Research. Streptomyces venexueUte ATCC 
15439 was received as a frcczo-dried pellet. All culture media and 
glassware were autoclaved prior to use, and an biological manipulations 
were conducted under a Labconco sterile hood enclosure- Nanopure 
water obtained from a Barns tend Nanopure II water purification system 
was used to make all culture media. All S . heneztleldt cultures were 
grown at 27 °C and 250 rpm in-a New Brunswick Scientific floor nodel 
shaker, A Sorvall RC-5 centrifuge equipped with a GSA rotor was used 
for all harvesting and replacement procedures. 

Cultivation of Strtptomyces ftt*zuel*e ATCC 15439 for Adtanced 
Precursor Feeding Experiments, An autoclaved 100-mL seed medium' 
(20 g of glucose, 1 5 g of soybean n^ir, _y ff pf r*rc\^ \ g 0 f n a q, and 
0.002 g of C0C1 2 .6H 3 0 per 1 L of nanopure H 2 0, pH adjusted to 7*2 
with 2 N NaOH) in a 500-mL baffled, flask equipped with a sponge 
stopper was inoculated with a scraping from an agar slant of S. Vene- 
zuela ATCC 1 5439. The culture was grown on a shaker at 27 °C and 
250 rpm for 48 h.f Vegetative cultures (100 mL) were initiated by 
inoculation of the vegetative medium (20 g of glucose. 30 g of soybean 
floury XSfiotCpCQ>, 1 g of NaCI, and Q.O0? g of CQCl^HrO per J 
L of rtai>opure H 2 p f pH adjusted lo 7.2 with 2N NaOjtt) with 3 mL of 
seed culture and grown under the same conditions. At 18 h the vegetative 
culture was transferred into an autoclaved 250-mL centrifuge bucket and 
centrifuged at 10000 rpm (Sorvall GSA rotor) for 15 min. The mycelia 
were rcsuspended in 100 mL of replacement medium (J 00 g of glucose, 
2.5 g of CaCO,, 1 g of NaCI, and 0.002 g of COd 2 ^M 2 0 per 1 L of 
nanopure H 2 0, pH adjusted to 7.2 with 2 N NaOH) and decanted into 
an autoclaved 500-mL baffled flask. IsotopicaJly labeled substrates 
(25-120 mg) were administered in 1 mi of 100% EtOH, and the culture 
was grown on a shaker at 27 °C and 250 rpm for 72 hJ' 

UV Assay for Monitoring Combined Methymydn and Neomethymydn 
Production. A 1.5-mL sample was withdrawn from an actively fer- 
menting culture and centrifuged (5 min at 14000 rpm) in a 1.5-mL 
Eppendorf tube. The supernatant was then decanted into a 13 x 100 mm 
test tube and hasified to pH > 9 (2 drops of 2 N NaOK). tnebrothwas 
extracted with 2 X 1.5 mL of CHC1, by gently agitating lo avoid an 
emulsion. Any emulsion formed could be removed by centrif ligation for 
10 min at 5000 rpm. The organic extract was transferred lo a clean dry 
test tube via a tasteur pipet and the solvent was removed by rotary 
evaporation. A gentle stream of nitrogen was then passed through the 
test tube to remove any traces of CHCl 3 from the residue; Spectroscopic 
grade MeOH (5 mL) was added via volumetric pipet, and the solution 
was agitated to dissolve the residue. Hie absorbance of the crude extract 
was then measured at 225 nm (< - 10500). 

Isolation and Purification of Methymycin and Neometbymycin. The 
vegetative replacement culture was harvested by pouring the 100 mL of 
fermentation broth into a 250-mL centrifuge bucket and ccntrifuging for 
1 5 min at 10000 rpm (Sorvall GSA rotor), The supernatant was de- 
canted into a 500-mL flask and the pellet rcsuspended in 100 mL of 
acetone. The acetone wash was centrifuged for 15 min at 10000 rpm 
and the supernatant decanted into a 200-mL round-bottom flask. The 
solvent was removed by rotary evaporation, and the remaining yellow 
extract was washed into the first supernatant. The pH of the combined 
mixtured was adjusted to 9.5 with 2 N NaOH, and the aqueous phase 
was extract^ with 4 x 50 mL or CHCl,. The CHCl, extract was dried 
with NajSO, and the solvent removed by rotary evaporation followed by 
iZ III l,nl??°ij q i n l mbcT < ! i M»< The crude mixture 

R'XB? /o^^w^T^? 1 ^^ * t{ < 10 * l3 ° N with 
90% CHCI,/9.9% MeOH/0.|% NH 4 OH, Cleaner separations were 
achieved by slowly ramping the MeOH from 0% to 10%. Fractions were 

t • o.s- 

>f-w * i M " fit 
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monitored by silica TLC followed by developing with vanillin stain 
(0.75% vanilla. 1.5% HjSO*, MeOH). Methymycin had the higher R, 
(0.24) and stained dark brown with vanillin, while neomethymycin had 
the tower R f (0.18) and stained orange with vanillin. 

(4S)-3Hl / -'^Propiony1.4^oen^|-2H)xazohdmgne (11). (4$).3-[l'- 
,J C]r*ropionyl-4-benzyi-2-oxazolidinone (11) was prepared from <4S)- 
4-benzyl-2-oxazolidinone following the previously described procedure: 7 - 14 
mp =44^5 *C; IR (CHClj) v 3025, 1781, 1662, 1387, 1078, 101 1 cm fc| ; 
400-MHz 'H NMR (CDCl a ) I 7,34-7.19 (m, 5 H, CJi s ), 4.66 (m, ] 

H, NC/Y) t 4.17 (m, 2 H, C// t O), 3.28 (dd, J » 3.2, 13.4 Hz. 1 H, 
CrYHCJI,), 3X)l-2.87 (m, 2 H, CH 3 C^ 2 ), 2,77 (dd, J = 9.6, 13.4 Hz, 
1 H» CH/ZC^). 1.18 (dt, / m 5.56 t 7 J2 Hz, 3 H, CWjCHJ: 100-MHz 
,3 C NMR (CDQ 3 ) 6 173,9 (enriched), 153.4 , 135J, 129,3, 128.8, 127,2. 
66.0, 55.0, 37.3. 29.0 (d, / * 50 Hz), 8, 1; («] D «= +59-19* (CHCK, / = 

I. 0 dm, 0.016 g/mL); ElMS M + 234 m/e. 

(^S^'S^^i^^l'-MertiylO^bydrox^p^tAOoyO^benzyl^^oxazo. 
Udlnonc (7c)/ 14 To a su'rred solution (0.4 M) of unlabeled 11 (1,0 g, 
4.29 mmol) in CH 2 CI 2 at 0 °C (ice bath) in a 100-mU 2-neck, RH flask 
under arg^« i ij-j f -* — — «_4_. .. 

(1.2 equiv 

eCjUJv), Tl— . » nw >»"""W w«u *kV X.- IU1 JV mill l^ivrc VAAJIkll^ 

to -78 *C (dry ice/acetone) and stirring for another 30 min. Following 
the addition of 340 of propionaidehydc (neat, 1.1 equiv) the reaction 
was Stirred for 30 min at -78 *C after which time the dry ice bath was 
removed and the reaction allowed to warm to room temperature for 1 .5 
h. The reaction was cooled to 0 °C and quenched with 20 mL of MeOH 
and 10 mL of pH 7.4 buffered water, and the borate was oxidized with 
10 mL of 30% HjOj while Stirring for 1 h. The crude was extracted with 
3 x 25 mL of CH x Cl 2 and purified by flash silica gel chromatography 
(10% BtOAc/CHClj) to yield 747 mg (60%) of white crystalline product: 
0.35 (10% EtOAc/CHCl 3 ); mp * 79-81 'C; IR (CHCl 3 ) m 3530, 
3019. 2879, 1781, 1686, 1387 cm" 1 ; 400-MHz 'H NMR (CDCIj) 5 
7.36-7.20 (m, 5 H, aromatic H's), 4.73- 4.69 (m, 1 H, NC/7), 4.25-4.17 
(iru 2 H, C/Y 2 0), 3.87 (m, I H, C//OH), 3.79 (dq, J ■ 2.7, 7,04 Kz. 1 
H, C//CH 3 ), 3.26 (dd. J - 3.35, 13.41 Hz, 1 H, C^HPh), 2.87 (b, 1 H, 
O//), 2.79 (dd, J = 9.43, 13.40 Hz. 1 H, CH/fPh), 1.58-1,47 (m, 2 H, 
CHyCHJ. 1.25 (d. / - 7.02 Hz, 3 H, CHC// 3 ), 0.98 (t, J = 7.4 Hz, 3 





— ?y - — 5/ ull '/i vuuu V J ^ n 4 » Kyi* ~r n; ±74. m/c. 

(45^^)-[l^^3-(Z'-Metlvl-3 / -hyd»x^^^ 
exazoUdhioQe (7c). (45,2'5 r t 3'/?)-[l'- l3 CI-3 (2 / -Methyl-3 / -hydroxy- 
pentanoy|)-4-benzyJ-2-ojcazoUdinone ([l'- 15 CJ-7c) was prepared from 
(4S)-3- [ I 13 CJ prQpionyl-4'benzy l-2-oxazolidinone following the same 
procedure described for unlabeled 7ci mp *= 81.S-82 *C; IR (CHCK) 
v 3482, 2970, 2878, 1779, 1649. 1455, 1386, 1213, 1 1 12. 969, 757 cm"': 
400-MHz »H NMR (CDC1 3 ) 8 734- 7.19 (m, 5 H, aromatic H's), 4.70 
(m, 1 H, NC«). 4.23-4.15 (m, 2 H, Cff 2 0), 3.86-3.77 (m, 2 H, C/fOH, 
CiVCH,), 3^3 (dd, y « 3.1 f 13.4 Hz, 2 H, CrYHPh, CHO/f). 2.80 (dd, 
/ « 93, 13.4 Hz, 1 H, CHffPh). 1.6-1.4 (m, 2 H ( CHjCI/i), 1.25 (dd, 
/ = 539, 6.68 Hz, 3 H, CHCffj), 0.97 (t, J » 7.35 Hz, 3 H. C//,CH 2 ); 
100-MHz IS C NMR (CDCI 3 ) 6 177.1 <"C enriched), 152.9 (d, J cc « 
4^ Hz). 134.9, 129.2, 128,7, 127.2. 70.0 (d. /cc " 2,2 Hz), 54.9, 41.6 
(d, Jcc ■ 49.3 Ha), 37.5, 26.7 (d, - 3.6 Hz), 10.2; [al p « 48.4^ 
(CHOa, / = 1.0 dm, 0.1881 g/mL); CIMS (NH/) (M + H)* 293 m/e. 

(25,3/? )-2AfetfayI-34iydToxypeutiuwl (12). ,s A 100-mL, 2-neck, RB 
(Usk equipped with an argon inlet, septum, and stir bar was charged with 
60 mL of dry THF and 1 .30 mL of RED-A1 (3.4 M in toluene, 4.4 mmol, 
1.1 equiv) under an argon atmosphere. The solution was then cooled to 
-78 *C, and 1.168 g of unlabeled 7c (4.0 mmol) in 10 mL of THF was 
added slowly via cannula. The evolution of gas could be seen as the 
solution was stirred for 10-15 min at -78 Q C. Hie reaction was then 
warmed to -50 Q C (CHC!j/C0 2 ) and stirred between -55 and -40 °C 
for I h. The reaction was quenched at -50 °C with 12 mL of EtOAc 
and 3 mL of MeOH and then poured into a mixture of 25 mL of 1 M 
HO (saturated with NaCI) and 45 mL of Et a O and stirred at -20 Q C 
for 10-15 min. The aqueous layer froze out as a gel. The ethereal layer 
was decanted and the aqueous layer rinsed quickly with 2 X 30 mL of 
Et 2 0. The combined organic extracts were dried over K 2 CO } and con- 
centrated to 970 mg of oil. The crude aldehyde was dried in vacuo and 
taken immediately on to the Wittig reaction. 

, >Hl- l3 Cl-2-Methyl-3-liydroxy|>enUiial (12). (2S\3/c)-[l- 

,J C]-2-Mcthyl-3-hydroxypentanal ([1- ,J C].12) was prepared from 
(4S^3'KM1'-*>C]-3K2'-^ 

azolidinonc following the same procedure as described for unlabeled 12. 
r5* h &t J f ,5 * ) ;i ^y l ;«y<tr«xy-2-lKptc<iQat» <13).» To 50 mL 
or dry THF in a 100-mL flask under argon was added 91 2 mL of triethyl 
phosphonoacetate (4.6 mmol, 1,15 equiv), followed by 493 mg of po- 
tassium lerf-butoxlde (4.4 mmol 1 .1 equiv). The mixture was stirred at 
room temperature for 5 min before cooling to -78 °C (dry ice/acetone). 
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The crude 0-hydro*y aldehyde (12) was added In 5 mL of THF and 
stirred overnight while wanning to room temperature. The mixture was 
poured into 5 mL of brine, extracted with 3 x 30 mL of l^O, dried over 
K 2 CO J( and concentrated in vacuo to 1.12 gof ofl (151%), Hash chro- 
matography (60% Et 2 0/hexancs) provided 165 mg of pure product as 
an oil (22%): R, * 0.31 (60% EtjO/hexancs); IR (neat) » 3459, 2969, 
1714, 1651, 1462. 1370, 1278, 1184, 1041, 985. 868 cm" 1 ; 400-MHz ! H 
NMR (CDCIj) fi 6.95 (dd, J ~ 7.8, 1S.8 Hz, 1 H, C/f=CHCOj), 5.86 
(dd, / - 1.25, 15.7 Ht, 1 H, CH=C//C0 2 ). 4.19 (q. / « 7,1 Hz, 2 IL 
OCtf 2 CH,), 3,49 (m, 1 II, CW)H), 143 (m, I H, CHCH 3 ) % 1.92 (b, 
1 H, Otf), 1.5 (m, 1 H, CH 3 ,CffH), 1,4 (m, 1 H, CI^CHH). 1.29 (t, 
J = 7.1 Hz, 3 H, OCH 2 C// 3 ), 1.09 (d, / = 6,8 Hz, Gff,CIf ). 0.97 (t, 
J = 7.4 Hz, 3 H, C// 3 CHH); 100-MHz ,J C NMR (CDCI 3 ) 6 166.6, 
151.1, 121.5, 75.9. 60.3, 42.2, 27.3, 14.2, 13.9, 10.2; Mn ta +35,16' 
(CHC1,, / « 1.0 dm. 0-0062 g/mL); CIMS (NH« + ) (M + H) + 187 m/t\ 
exact mass calcd Tor C,<,H„Oj 187.1334, found 187.1327. 

Ethyl (4/J f 5l?)-lZ,3- l *C,l-4-Me4hyl-5-hydroxy-2-liept«ioatc (13). 
Ethyl (4/J t 5/2)-(2,3- u C 2 ]-4-mclhyU5*hydroxy'2-hcrHenoatc ([2,3- 
,3 Cj]-13) was prepared from (2S,3#)^[l- ,J C]-2'mcthyl-3-hydroxy- 
pcntanal and triethyl [2- ,3 C]phosphonoacctate following the same pro- 
cedure described for unlabeled 13: IR (neat) v 3459, 2971, 2878, 17Q8, 
1 598, 1459, 1274, 1 183, 979, 756 cm" 1 ; 400-MHz 'II NMR (CDCl*) 5 
6,95 (dddd, J = 1-93, 7.84, 15.77, 154.28 Hz, 1 H, ^' , 0« ,1 CHC0 2 ) i 
5,86 (ddd, J « 0-77, 15.77, 162.03 Hz. 1 H, H x K= x K.HCO& 449 (q, 
J * 7.13 Hz, 2 H, CO,C//,CH 3 ), 3.49 (m. 1 H, C//OH), 2.44 (m, 1 H. 
C//CH]), 1.9 (b, 1 H.OH), 1.60-1.50 (m. I H, CHjCfYH), 1.46-1.36 
(m, 1 H,CH 3 CH/7), 1,29 (t,J = 7.13 Hz, 3 H ( CO a CH 2 CrY)) 1 1-09 (dd, 
J = 4.90, 6.75 Hz, 3 H. CHC// 3 >, 0.97 (t, J = 7.40 Hz, 3 H, C^CHH); 
100-MHz l3 C NMR (CDCI0 fi 151.2 (enriched, d, /<x ^ 7 0-63 Hz), 
121.4 (enriched, d. J C c = 70.73 Hz), 75.8 (d, / cC ■ 3.2 Hz), 60-2 (d, 
Jcc = 1.3 Hz), 42.1 (d, J cc = 4 L7 Hz), 27 J, 14.2, 13.9, 10.2; [<*J D = 
35.16* (CHC1„ / « 1.0 dm, 0.0442 g/mL); CIMS (NH 4 + ) (M + H)* 
189 m/e- 

(4K*5K)^M«thyl-5-hydroxy-2-beptetiok Acid (14). Unlabeled ester 
13 (418 mg, 2.25 mmol), 22 mL, 0.S M K 2 C0 3 (11,24 mmol, 5.0equiv), 
and 1 10 mL of 5:3 THF/H 2 0 (69 mL THF/41 mL H 2 0) were refluxed 
together for 24 ta. After removal of THF, the basic aqueous mixture was 
extracted with 2 X 50 mL of CH 2 Cl 2 and acidified to pH 3.0 with 5% 
HCU and the acid was extracted with 3 X 50 mL of CH 2 C1 2 to yield 255 
mg of pure acid in 71.7% yield: IR (CHC1 3 ) p 3407, 3019, 2971, 2937, 
2879, 2678, 1698, 1654, 1282 cm"': 250-MHz l H NMR (CDCI 3 ) I 7.07 
(dd. / ~ 7,8, 16-3 Hz, 1 H, C/7— CHCOj), 5.87 (dd, J = 1-12, 15.7 Hz, 
1 H. CH~=C//COi), 3.53 (m, 1 H, CJTOH). 2.48 (m. I H, C//CH,), 
1.64-1.25 (m, 2 H, CHjCZ/i), 1.10 (d, / - 6.8 Hz. CHCr/,), 0,92 (t, 
J « 7.4 Hz. 3 H, CWjCHi); 100-MHz »C NMR (CDCIj) b 171.3, 
153.8, 120.8, 75.9. 42.2, 27.3, 13.7, 10,2; [aj 0 * +43.33° (CHCl 3 . / - 
1.0 dm, 0.018 g/mL); CIMS (NH 4 + ) (M + H)* 159 m/e. 

(4)RtSA)-(2,3-* a C 2 ]-4-Methyl-5-liydroxy*2-hcpt«no;c Add (14). 
(4^5K)-[l 1 2- l5 C 2 l^Me4hyI-5-hydroxy-2.hcptcnotc acid ([2,3- ,4 CjH4) 
was prepared from ethyl (4/?,5/2)-[2,3- 15 Cj-4-methyl-5-hydroxy-2- 
heptenoate following the same procedure described for unlabeled 14: 
400-MHz *H NMR (CDC1,) 6 7.06 (dddd, / *= L93 ( 7.78, 15.74, 154.5 
Hz, 1 H, /yK^^CHCOj), 6.7 (b, 1 H. CO a H), 5.86 (dd, J - 15.6, 
162.7 Hz, 1 H, H' 3 0~' 3 C/fC0 2 ). 3,54 (in, 1 H, C//OH), 2.47 (m, I 
H, C//CH 3 ). 1.6^1.5 (m, 1 H. CH 3 C/fH), 1.45-1J5 (m, 1 H. 
CHjCH//), 1-10 (dd, / ■ 4.86, 6.78 Hz, 3 H, CHC#,), 0.97 (t, / « 7.40 
Ha, 3 H, CWjCHH); 100-MHz ,3 C NMR (CDC1,) 6 153.7 (enriohed, 
d, A* •» 70,0 Hz), 120.8 (enriched, d T ice * 70.1 Hz), 

Thailoua /V-AMtytGy»tc«pdm, 14 ThallouB othoxide (325 mL, 1.18 g, 
459 mmol) was added via syringe to an oven-dried 100-mL round-boltom 
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na$k under argon atmosphere containing 20 mL of dry THF. 
Acetylcysleaminc (574 mg in 20 mL of dry THF) was added dropwise 
via cannula over 30 min at room temperature. Upon addition of the 
/V-acetyleysteaminc the solution turned a bright yellow to yield a sus- 
pension with a final concentration of 0.12 M. 

N'Acctylcysteaiiiwe Thioesier of (4K^K)-4-Mcthyl-5-bydroxy^ 
beptcnofc Acid (10a)* 16JT In an oven-dried 10-mL RB flask, 57 mg of 
unlabeled 14 (0.36 mmol) and 50 ^L of EtjN (0,36 mmol, 1.0 cquiv) l n 
3 mL of dry TOF was allowed to stir under an argon atmosphere at room 
temperature for 10 min. To this mixture was added 52 ^L of diethyl 
chlorophosphonatc (0J6 mmol. 1.0 cquiv) In 1 mL of dry THF dropwise 
The reaction was stirred for 3 h after which the fine white Et 3 N-HCl salt 
was filtered out via Schlenk filtration and rinsed with 2 X 10 mL of THF, 
The solvent was removed and the phosphono anhydride concentrated to 
an oil. This oil was then dissolved in 12 mL of dry THF in a 50-mL RB 
flask equipped with a stir bar and septum. The solution was cooled to 
0 *C, and 3 mL of thallous JV-acetylcystcaminc as a bright yellow sus- 
pension in THF (0.12 M) was added dropwise via cannula. The reaction 
wa* allowed to sitr at 0 Q C for 4 h, after which time the yellow color had 
dissipated to yield a white suspension. The solvent was removed by rotary 
evaporation, and the crude was taken up in Et^O, filtered through Cclite, 
and concentrated to 1 23 mg of oil. Flash silica gel chromatography (4% 
McOH/CHClj) provided S3 mg of oil (57%): R f - 0.35 (10% 
MeOH/0.1% NH,OH/CHCl 3 ); IR (neat) , 3303. 3086, 2970, 1660, 
1551 1290 979 cm -1 ; 400-MHz *H NMR (CDCIj) 5 6.95 (dd, J = 7.72, 
15.64 Hz, I H, C/7-CHC0 2 ), 6.2S (b, 1 II, N/Y), 6.16 (dd t J - 1.26, 
15.66 Hz, 1 H, CII— CZfC0 2 ), 3 52 (m, 1 H, CflOH), 3-45 (m, 2 H, 
Cff,NHAc). 3.09 (t, / « 6.4 Hz, 2 H, SCH& 2.45 (m, 1 H f Cf/CHj), 
2.22 (b. 1 H. CHO/f). L97 (s, 3 H. COCr/ 3 ). 1.57-1,51 (m. I II. 
CH.C//H), 1.44^1.39 (m. 1 H. CHjCHtt), 1.10 (d, / = 6.83 Hz. 3 IL 
CHCff,), 0.97 (t, J = 7.39 Hz, 3 H. CH,CH 7 ); 100-MHz 13 C NMR 
(CDCK) 6 190.3, 170-4, 1485, 128.1. 75.7. 42,1, 39.6, 28.3, 27.3, 23.1, 
13.7, 10.2; Mu * +31.92* (CHa 3 , / « 1.0 dm, 0,0026 g/mL); CIMS 
(NH< + ) (M + H) + 260 m/e; exact mass calcd for C^H^NC^S 
260.1320, found 260.1338. 

N-Acorylcysteaminc Thioester of (4^f # 5i»)-[2,3* ,a C 2 3-4.Methyl^- 
hydroxy-2-hepteao3c Acid (10a). JV-Acotylcyetcamine thioester of 
(4/f,5J?)-[2,3- l3 CJ'4-mcthyl-5-hydroxy-2-heptonoic acid (t2 1 3- l3 C 2 J-8) 
was prepared from (4/?.5/?>-[2,3- l> Cj)-4-methyl-5-hydroxy-2-heptcnotc 
acid following the same procedure as described for unlabeled 10a: IR 
(neat) r 3311, 3085, 2970, 2878. 1658, 1574, 1288, 1218. 758 cm 1 ; 
400-MHz 'H NMR (CDCIj) 8 6.91 (dddd, / = L49, 7.70, 15.6, 153.7 
Hz, 1 H, ^O'^CHCOj), 6.4 (b, 1 H. N/z). 6.14 (dd, / - 15,6, 161.S 
Hz, 1 H H l3 C= ls C//COa), 3.50 (m, 1 H, C/YOH), 3-38 (dt, J « 6,20, 
6.30 H*, 2 H f Cff 2 NHAc), 3.05 (t, / ~ 6.56 Hz, 2 H, SCHj), 2.55 (b, 
1 H, OH)* 2.40 (m. 1 H, C//CH 3 ), 1.55-1.45 (m, 1 H. CH>C/iH , 
1.41-1,30 (m, I H* CH 3 CHJi), 1.06 (dd. / = 4^, 6.8 Hz, 3 H, CHCtf>), 
0.93 (t, / « 7.39 Hz, 3 H, Cff 3 CHH); 100-MHz » 3 C NMR (CDC1 3 ) « 
149.0 (enriched, d, /cc *= «9.9 Hz), 128.3 (enriched, d, - 69.9 I*c)j 
H P « 27.6« (CHC1„ / te 1.0 dm, 0.0389 g/mL); CIMS (NrV) ( M 
+ H) + 262m/d. 
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